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THE INFLUENCE OF pH ON SEROTONIN METABOLISM BY RAT TISSUE HOMOQEMATES* 

Tho current Interest In the metabolism of hydroxylndoles has been 

brought about largely as a result of Investigations of the pathways of 

serotonin (S-hydroxytyptemlne) metabolism. Of the various enzyme systems 

Involved in serotonin degradation, monoemine cxldaso (MAO) has received 

the greatest attention, especially In view of Its possible Importance In 

controlling brain amlne lavela. According to prosent views MAO Is the 

primary pathway of serotonin inectlvatlon in most mammalian species.1"4 

This mode ov detoxlcatlon, hcwaver, does not account for total serotonin 

breakdown by the Intact animal. Under certain conditions, both in vitro 

and in vTva, other modes of serotonin inactivatlon have been reported, 

thus, the formation of tha o-ylucuronide and o-sulfato conjugates of 

serotonin hi* been demonstrated^ and 9ma)| mQunts Qf ^ conjugate5 

wars found «3 urinary metabolites from rats.3 Wolssbach et. al.7 have 

recently shewn the importance of ti.e flocuronide conjugating system in 

serotonin mütaboliam in the mouse, especially after blockade of HAO. 

Some of tho hydroKylndoIeaminos, such es bufotenln and psllocln, 

cro rather poorly metabolized by moß^   Blaschko and Levlne10 recently 

described the formation of coSored oxidation products when various 

hydroxyindoies were incubated with preparations of gill plates from the 

Mytilus cduils. Horita and Weber11 also observed a blue-cclorod product 

upon Incubating psilocln with mammalian tissue hemogenates, and from an 

examination of properties of the system suggested that cytochrome oxldase 

might be Involved In this oxidation process. 
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In th« present itudy the possibility of such e system inectlveting 

|erotonln was Investigated. Since optimum oxidation of psilocln 

I occurAd at about pH 9.0, the Influence of pH was akio examined In this 

study. Rat tissue hemogenates were found tcTbe satisfactory as the source 

of the enzyim, and the effects of e MAO inhibitor and potassium cyanide 

were determined. 

METHODS 

Male Sprague-Dawley rats, 150-250 grams, were used exclusively as 
e* 

the source of the tissue hemogenates. The liver, brain, kidney, and 

heart wero ground with Teflon or glass hcmoganlzers to a concentration 

of 20 per cent with ice cold dlstlllod wator. incubations of liver 

hemogenates *erc made for 30 minutes while the other preparations were 

shaken for 63 minutes. The following buffers were employed: Phosphate 

buffer (ü.5M), pH j.k;  Trls buffer (0.5$,  pH 6.1; Lyslne buffer (0.5M), 

pH 8,8; and Glyclnu buffer (0.5M), pH 9.^. Each flask contained buffer, 

hcroogenato end ^pmoleo of serotonin croatlnfne aulfate. Potassium 

cyanide (10"2M) and/or p-phenyllsopropylliydrazlno (10"^) were Incorporated 

Into some of th% experimental procedures. In all cases the final volume 

of the Incubation mixture was 3.0 ml. The degree of tnotabollsm was 

determined by measuring the amcunt of seroccnln remaining In the In- 

cubation flask aftor the dosignetod clrao. Serotonin assays were performed 

according to the colorimetrlc method described by üdenfrlend äS.äl..I2 

The buffers used In these experiments were selected because of 

their abilities to hold the desired pH ievola. They did not Interfere 

with nor enhance the metabolism of serotonin as was evidenced by comparison 
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with other buffer system. The possibility of spontaneous degradation 

of serotonin» especially at the higher pH levels, was carefully exanlned, 

but with the Incubation times employed in these experiments, serotonin 

disappearance In ^iffer alone did not occur. 

RESULTS » 

&JL£& This tissue enhlblted the greatest serotonlninetaboHzing 

activity re9erdlei»stof the pff of the medium. It should bo noted that 

alt incubations of liver homogenstes were made for 30 mlrfltos, while 

with the other preparations 0 60 mlnuto period was used. Under the 

conditions of these experiments liver homogonatos metabolized about 

80 per cent of the substrate prosentPat pH /A This was Increased when  • 

pH was ralaad to 6.1 and 8.0, but at 9.5 motcbolism decreased below 70 

per cent. *i 

t 

In t;ho presence of/J-phonylbopropylhydrailno (PIH), 10%, the 

serotonln-ftiatabollzlng capacity of liver hcniogenate was reduced to zero 
« 

at physiological pH. Slight «Tiounta of nKitabollsrn occurred at the higher 

pH value& but rarely exceeded 20 pe» cent. KGN, lO*2«, Increased 

serotonin degradation, especially ct the pH of 7,^ and 9.5. fhls was a 

consistent finding and was «sjKJcially evident at all pH's when shorter 
t 

Incubation times were uaed so that less than 70-30 per cent of the 

serotonin was metabolized In the control (no KCN) preparations. 

Whan both PIH ant! KCN were Incorporated Into the Incubation mixture, 

the degree of serotonin disappearance was mlnimel, Inhibiting an average* 

of II per cont at pH 8.8. The Influence of both pH and the Inhibitors 

on serotonlri metabolism by I Ivor homogenates Is shown In fig. I, and 

the data and their stancterd deviations are listed In table I. 

« 
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ftCila, Rat brain tUsua homoganates provad to be consldarably 

lowar tn aarotonln matabotlztng activity when compared to liver. The 

shape o? the pH curve, however, did not differ too markedly frcra that 

of the liver, even In the presence of PIH#or KCN. Complete Inhibition 

was observed at all pH levels when both Inhibitors were used simultaneously. 

The results of the brain homogenate studies are found in table 1 

ÖSül- Heart muscle proved to be qulto different fron either liver 

or brain In metabolizing serotonin, in the control homogcnate the 

greatest activity was seen at pH 9.5, whereas with the other two tissues 

activity fell at thi» pH. An even greater difference was seen In the 

activity of the heart muscle preparation in the presence of PIH. While • 

Inhibition was complete et pH 7^,  at higher pH values a corresponding 

rise In aerotonin breakdown was observed, end at pH 5.5 there was essentlelly 

no difference In acyvl^y between control and PIH-trcated homogenates. 

KCN dienet influence the activity of this preparation except at the highest 

pH wfK^e tha metabolism of the substrate was reduced some 25 per cent. The \ 

combination of PIH and KCN produced complete block of metabolism. These 

results are shown in fig. 2 and In tabJe 1. 

üidnjfc. Only sane kO per cone of the serotonin was metabolized et 

7.4 by control preparations of kldnay homogenates. Like the heart, 

however, activity proceeded to rise with increased pH, «nd ot 9.5 was 

capable of degrading 70 per cent of the substrate. In thi presence of 

PIH the slope of the pH curve was similar to that selh with the heart. 

At^ 9.5, PIH exerted no Influence on the metabolism of serotonin by 

kidney homogenates. Also similar to the heart, KCN showed greater 

Inhibiting properties at the higher pH:s, and at both 8.8 and 9.5 
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considerable differences In activity between control-and the KCN-treated 

preparation wert evident. The preparations containing PIH and KCN, as 

with the other tissues, exhibited^ mintroal metebollsm of serotonin (see 

tftJIe*!). t 9 

@ 

The results ^©thls studf indicate the presence of at least two 

enzyme systems in tissues of tha rat which are capable of metabolizing 

serotonin. In the liver and brain, oxidatlve deamination by MAO is the 

primary mode of serotonin inactlvation, even under unphyslologically high 

pH conditions. This Is assumed to be the case because of the almost total 

inhibition of this reaction upon treatment with PIH, a specific MAO     * 

Inhibitor. Although not described In the results, another HAO inhibitor, 

2-phenyicyclopropylam|ne (SKF-385), was also found#to Inhibit this process 

by liver and brain homogenates at all pH levels. The heart and kidney, 

however, give evidence of two enzyme systems being Involved in degrading 

serotonin. Predominant at pH 7.^ and 8.1 Is MAO, as evidenced by marked 

inhibition by both Piri and SKF-385. At these pH levels control preparations 

of the heart tissue exhibited about the sama activity as brain homogenates. 

Only aftar Inhibition by the MAO Inhibitors was It evident that some other 

system was also promoting 2he disappearance of serotonin. Even at pK 8.1 

both kidney end heart homogenatoa ahowed PiH-resistant activity, and at 

8.8 activity was about two-thirds of tho non-Inhibited control values. At 

pH 9.5 essentially no block was exerted by the MAO Inhibitor. Those results 

suggested that the same system which oxidized psllocln,, was also capable 

of oxidizing serotonin. Preliminary work toward Identifying this enzyme 

system Indicates It to be cytochrome osldasa, especially because of Its 
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KCN sensitivity, Its activation by cytochrome c, and by the fact that 

purlf laopig haart cytochroms oxldasa In the prasanca of cytochrome c 

Is high affective In oxidizing both psilocln and serotonin (unpublished 

results). • 

The values of percent mstabolism of serotonin by heart and kidney 

honogenates In the presence of PIH or KCN, especially at the higher pH's, 

were at times variable as can be seen from their standard deviations. 

This variation was caused nalnly by a small number of animals whose tissue 

preparations were Inhibited to a gteator extent by PIH than the majority 

of samples. Preparations of this type also responded poorly to KCH, 

usually resulting In consltlorably greater metabolism of serotonin than 
t 

most KCN treated honogenates. The reason for these samples to act In 

this fashion Is unclear. It appears that in those instances, MAO is the 

predominant system acting upon serotonin since PIK was quite effective 

In decreasing Its metabolism. In the majority of cases, however, the 

reaction was resistant to PIM, but scmowiiat sensitive to KCN. Since the 

cytochrome oxldase system is dependent upon cytochrome c, It is possible 

that in these few Instances ihora PIH was effective even at the highere 

pH'S; cytochrome c may have been deficient and permitted the MAO to 

dominate $he metabolism of the substrate. Evidence to this effect Is 

seen In some of our current work; v;hen cytochrome c Is added to such a 

system the MO Inhibitors no longer block serotonin metabolism whereas KCN 

becomes quite effective. 

Whatever the explanation, It is clear from these experimsnts that at 

the pH's of 8.8 and 9.5, rat heart and kidney homogenater> have two systems 

operating to metabolize serotonin. That both MAO end th? KCN-sensltive 

oxldase systems are active Is seen by the degree of substrate breakdown 
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In tha presence of either PIH or KCH «tone end tts tote) inhibition in 

the presence of both Inhlbltora. It eppeers, hcwavar-, that both systems 

may not be «ctlve simultaneously, especially et pH9-5. This Is indicated 
fit 

by the feet th^ at this pH tho PIH freated propewtfon Is capable of 

oxidizing the same «nount of soroton n as does the control preparation. 

If both systems wera active tho degree of serotonin metabol Ism by control 

ho^pgenates should bo greater t;han tlie PIH containing syutem.    It also 

seems that at pH 9-5 ^9 heart and kidney homogenstes netaboUze serotonin 

mainly via the KCtl-sensitive aildaso system, provldeci that adequate co-   0 

factors be proient.    in the abLence of such cofactors, or In the presence 

of KCN, the othar enzyme systeii, HAO, beccmas thoprfmery pathway of 

serotonin inactivation.   Tha roasorev.hy both systems   are not simultane- 

ously active to thalr full capecltioi cannot be explaalnod by the present 

data. « 

Whether the KCil-ücnsklve syatw; Is an ImportaÄ pathway of serotonin 

Inoctivatlon in tho Intact antrial  Is ^u^tlonablo, ©specially In view of       { 

its eKtreraaly high pH optimum.   At best It may serve   as a minor pathway 

of   degradation untbr physiolosiccl conditions.   Kclsaacs and Page^ Indlcato 

evidence^ sugi a possible oxidctloi  product In tho   urines of animals 

treated with (T1^ sarotonln.    Forhap!; a more practlcsl aspoft of the 

present findings Is the por-slblllty cf tho UCN-sonsi ^IVö enzyme Interferlmj 

with Investigations of S-hydrccytryptophan (5HTP) decarbo?;ylase activity 

when Sidney or#iieErt hemogenatts are employed as the   sourco of onzyms. 

In sane Instances 5HTP decarbonylose activity has been moasured by In- 

t cubating the homogenate with SliTP at p!l#8.0 - 8.lln   tho presence of a 

MAO#InhIbl;or and under earoblc conditions.   We find   that this procedure 

e 

• • 
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does not give a true representation of the «mount of serotonin syn- • 

theslxed since the KCN«sensltIve enzyme can degrade a part of the formed 

product. In the presence of a MAO Inhibitor and KCN (I0'3M), or under 

totally ^inaerobIc conditions, the amount of serotonin recovery Is In- 

creased considerably. These precautions are therefore necessary In 

using such homogonates as the source of SNTP decarboxylase. 
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TABLE I. THE INFLUENCE OFpH AND INHIBtTOR 

• 

V«lüM «re expressed as man percent meteboHsm 
t etendard deviation of the mean. Figures In 
iMrentheset Indicate number of determinations In 
uach group of experlmenti.' 

pH Liver ßrtln Heart Kidney 

7.^» 78*3(6) 6CH4(6) 61*9(7) 41*5(7) 

Control 
8.1 89*3(8) 6SK3(6) 73*9(7) 42+3(8) 

8.8 86+6(5) 64+7(5) 71+10(9) 48+6(9) 

9.5 66+2(6) 65+4(6) 83+4(8) 69*4(9) 

• 
7.4 j  0(5) 0(O 0(4) 0(4) 

PIH 
8.1 4^(13) 0(1) 20+7(7) •3*^(9) 
8.8 11+10(11) 12+7(5) 56+23(11) 33+10(14) 

9.5 17+9(8) 
j 

21110(6) 81+7(6) 66+4(6) 

# 
7.4 92+2(5) 651^(5) 64+15(7) 49*9(6) 

KCN 
6.1 91+3(6) 74i3(7) 73*20(7) 45+2(6) 

8.8 90+4(6) 6746(6) 68+16(11) 31+6(10) 

9.5 85+13(9) 5^.15(6) 58*27(9) 27+!&(6) 

7.4 7*3(4) 0(4) 0(4) 5+2(4) 

PIH + KCN 
8.1  > 6*3(5) 0(i:) 3*4(5) 6*6(5) 

8.8 1^(5) 0(4) 7*4(7) 12*^(6) 

9.5 8t7(5) 0(4)         5^(6) 8t7(6) 
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Legends to Figures § 

Figure I. The metabolism of serotonin by rat liver homogenates 

i   at various pH levels and in the presence of (I) no drug, (2) PIH 
.  •   •   . t        # 

(lO^M), (3) KCN (I0"2M) and (k)  PIH and KCN. 

Figure 2. The metabolism of serotonin by rat heartJiomogenates 

at various pH levels and In the presence of (I) no drug, (2) PIH 

(lO'Sl), (3) KCN (I0"2M) and (4) PIH and KCN. 
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